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Effect of Delignification Treatment after Autohydrolysis

on Yields of Cellulosic Substrates, Lignin Contents,
and Enzymatic Hydrolysis'

Jong Moon Park:z . Won Yung Ahn: - Dong So Shin?

Summary

This experiment was carried out to investigate the effects of autohydrolysis and extraction conditions on
the separation of the chemical substances, the extractability of lignin by dioxane, and the yield of reducing
sugars from cellulosic substrates by using a commercial cellulase derived from Trichoderma viride. Air-dried
wood meals through 0.42mm (40 mesh) screen and retained on 0.25 mm (60 mesh) of Populus alba-glandulosa
and Pinus koraiensis were autohydrolyzed with water at 180°C for 30 and/or 60 minutes in a 6 liter stainless-
steel digester with or without 2% 2-naphthol. The hydrothermally-treated wood meals were extracted the
lignin with 100%, 90%, 75% and 50% dioxane solutions at 70°C for 4 hours, respectively. The resuits obtained
were as follows: 1) After autohydrolysis of Populus alba-glandulosa, the yield of wood meals decreased with
lengthening the autohydrolysis time from 30 minutes to 60 minutes and with 2% 2-naphthol addition. In case
of Pinus koraiensis, the yield was not affected by 2%, 2-naphthol addition at the autohydrolysis in the digester.
2} After autohydrolysis and lignin extraction of Populus alba-glandulosa, the yield of wood meals decreased
with lengthening the autohydrolysis time from 30 minutes to 60 minutes and with 2% 2-naphthol addition.
Extraction of 50% dioxane solution was the best solvent for the yield among the solutions of 100%, 90%, 75%
and 50% dioxane. In case of Pinus koraiensis, the yield was not affected by 2% 2-naphthol addition and the
solution of 90% dioxane was the poorest solvent for the yield. 3) After autohydrolysis and lignin extraction
of Populus alba-glandulosa, the Klason lignin content in cellulosic substrates for enzymatic hydrolysis decreased
with lengthening the autohydrolysis time from 30 minutes to 60 minutes and with 2% 2-naphthol addition.
Klason lignin content was the lowest after extraction by 90% or 75% dioxane solution. The content was also
affected by interaction of the three factors-autohydrolysis time, 2% 2-naphthol addition and concentration
of dioxane. [n case of Pinus koraiensis, the Klason lignin content increased with 2% 2-naphthol addition but
was not affected by the concentration of dioxane solution. 4) After autohydrolysis and lignin extraction of
Populus alba-glandulosa, the extractable Kiason lignin content by extraction increased with lengthening the

autohydrolysis time from 30 minutes to 60 minutes and with 2% 2-naphthol addition. The extractable lignin
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content was the highest after extraction by 90% or 75% dioxane solution. In case of Pinus koreiensis, the
extractable lignin content increased with 2% 2-naphthol addition. Extractions by 100%, 90% and 50% dioxane

solutions were more effective for the extraction of Klason lignin than by 75% dioxane solution. 5) After auto-

hydrolysis and lignin extraction of Populus alba glandulosa, the yield of reducing sugars increased with leng-

thening the autohydrolysis time from 30 minutes to 60 minutes but was not affected by 2% 2-naphthol addi-

tion and the concentration of dioxane. The yield of reducing sugars after enzymatic hydrolysis was slightly

higher by extractions with 90%, 75% and 50% dioxane solutions than with 100% dioxane. In case of Pinus

koraiensis, the yield of reducing sugars was not affected by 2%

2-naphthol addition but affected by the con-

centration of dioxane. The yield of reducing sugars was the highest in cellulosic substrates extracted by 100%

dioxane solution.
Key words:

treated wood meal, dioxane extraction.
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Table 1. Characteristics of Sample Trees
Species Populus alba- Pinus koratensis
- glandulosa S. et Z,

Age 27 yr. 17 yr.
Height 177 m 7.4 m
D.B.H. 27 em 12 em
Number { 1

M. C* 41.5 % 51.2 %

*percentage based on green weight at
taboratory after felling,

Table 2. Chemical Composition of Wood
Meals
o Po pulus alba« Pinus
Species S
glandulosa koratensis
M, C. 169%* 10.8 %
Extractives
Cold Water 2.6% 28%
Hot Water 33% 4.5 %
CH,Cl, 1.2% 21%
Alcohoi~benzene 2.8% 30%
Ash 033% 0.23%
Holocellulose 80.9% 73.0%
Klason Lignin 202 % 26.7%
* All values are the averages of 3 repli-
cations |
o, FEEFS WAs e i ¢ Wiley-mill

£ st Bimsta 40 - 60mesh3} Afr-g oo
Aok Kol (LB #ind L2 Zrh
313 Ky qiEE
FErE BEF MK s dUSF
I piEEE £33 Zrh
3 1.3 1. Autohydrolysis
B EWE AR 500 9% 6 £ stainless —
steel digesteroll 4 K& 1 1 6 (A
o KB 2E A 2 %o sl st 2-naphthol-g
WS 180 °Coll A4 30 98 autohydrolysis 41 3
omf, #HAQA T AR EWEAR 500 7% A
Bl o7& ste 180 CollM A e 2%l 2
-naphthol & g sl 3 autohydrolysisA] 7 of olm
R PER e 60 %22 dhglch
3132 giad e
Autchydrolysis % A& 70°ColM 2 kS
BR fresta ASHA B2 Med 100%, 9%
5 %or 50 % dioxane RS 2 T0°Co A 4 KR
%t 4 stk

WA A 7] 9

2o g 3}
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Table 3. Conditions of pretreatments

Extrac-

Autohydrol ysis tion

Species

Temp,| Liquor | Time |2-Naph-Dioxane
(°C) | ratio {{min)lthol & | @

100*
80
75
50

100
90
75

Populus 50
alba « 180

glan - 100

dulbsa 0 90
75
50

100

90

75
50

100

1:7 60

pinus 50

koraten| 130 | 1:7 | 60
§18

*dilution with water,

3. 14 g EetotA
A EepolM= Trichoderma viride 2 ¥ 8 bR
BrAAk el @ ¥y crude enzyme$ T 3ste s 48
Yoprol S EERO AT Wil BEE
£i#& pHal 0.05M citrate bufferoll 5o BEEE
FE 1% W/ V)R 3o Bl BENAM BHEE
F ol R HEA 2Tk

3.2 REBAHE
3.2 1 EABE Koo
HEEES AR, kb, SxEnn, d-

chloro methane %3, alcohol -benzene #1147
ash 4 &, Klason lignin 4 &2 TAPPI Standard
off 2]&}ed, holocellulose & Wise's method & 43
Fratadrch

3.2.2 BB % MMEREES HaHaH

3.2.2. 1. Autohydrolysis #% 424
A% autohydrolysis 31 #% (Lot sfeA
¥rol Mg doly 7] ¢léted holocelluose, Kla-
son lignin @& ot 22 Hikeg ERstA
o BA-E etk
3222 Blay #hdt %] ool
Autohydrolysis # A¥-2 2zt dioxane FEKS
2 oeladd B ¥ AkkE HsEstz fRE
#3tel o9 holocellulose, Klason lignin G #-2 ¢
4 e HEow EHSACL
3.2 3 AEetobA ol EERHEHY
BMREEA fEHAY o BEY BEHHAE K
aly] fleted BiE pHet BAREE HEsldnh
3.2.3 1. Bi#pH
7. viride & Be¥+ pHucwo BEs 40004
6.0 aboleba e 9o uhs® KEER slolA &
HpH & Yot~ 9sted carboxy methyl cellu-
lose(CMC) & BHEE s 2z pHig#NA #L¥
2 HEsted B@EpH & stk 1% (w . v)
CMC &8 1.0me} z+ pHe| citrate bufferol &g
1% (w,/ v) BRIk LOnlE 50°CollA 25rpme
B BB 0¥ BERMAKS I 30
9] dinitrosalicylic acid(DNS) A& 718t &+ &
oA 1587 mEh BEAA S50nmelA LeEh
shadch 2 BB a3k 2ol syBE<l pH 509l
A gk BbEg Jepides aut dAv E
2 pHol M Bfigiol Wolzich whebAd A
He BEMASKYE o pHE 5008 pugsisich

100+

80T
01
601}

|

‘[.....A i i |
4.0 5.0 6.0

pH

Relative cellulase activity (%)

e

fffect of pH on the activity of crude
cellulase from Trichoderma viride. (1.0 ml
of the enzyme reactioned on 1 % CMC
at 50°C for 30 minutes)
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3232 BARE

T. viride & BEFHE BELTEMH @B 40 Col
A 50°C Aeleta weixglo}i®, KERA 2ol
o] BREHEE woturl ¢istd CMCE BHE
of gHE#R-E HHmsiddth 1 %(w,v) CMC &
1.0 mle} pH 5.0 2} citrate buffero] xaf | %(w
V) BEER LOwlE o BEAAM 25tPpm o
BAZIE 304 B BEFkSESIL 309
DNS i#Eo 2 fHomAdA S50amoi 4 g a3t
hooa #HE a2 #ol 50°CE o el Bk
F& vetuides zach @AY e Bl A
o] "ojgch whebd @HEEAES BIhK
ST §HEE 50°CR #Esteth

® ook
2

=

g 90+
% so-
3
<70k
s

E A,
s
x i | i i

i1
30 40 50 60 70
Temperature(°C)

Fig. 2. Effect of temperature on the activity of

crude cellulase from Trichoderms viride.
(1.0ml of the enzyme reactioned on ; %
CMC at pH 50 for 30 minutes)

3.2 4. Glucose Ei#ER B fEik
[ ‘J’{‘;"z’ Bock: FRE 95t glucose g
#ig RS feaistacl glucose EEE #iLAA
Zhed 4 glucose g 10w, 1 %B(w, v) B
1.0 E pH 5.0, 50°CAA REAZ % 919t 3L
Jitho g sz Eslel glucose MR EHRE Ak
BEosEH el 3w aaroh
325 ®k NE M
BEkel N E f@sts) elted filter paper,
CMCE ¥8 4uksls Bupig& DNSe g i
lpg moleg k¥ -+ e M
shod ok,

sEESta e 9%
#Fel HEE [ Unit2
3.2.5. 1. Exo- glucanases ((C, )2 13

Whatman No. 1 filter paper 50wy (1 *6cmA %)

1.5+

10

y= 0.7541 x 0.0646

Glucose (mg,” mt)

A L
0 0.5 1.0

Optical Density (0. D}

Fig. 3. Calibration curve of glucose,

& Aer Adoid Lomiel SRFE
citrate buffere] =al | %(w
ok g 50 Col 4 1 A ZhEet fEHAZL & DNS
Bol A 152 el #
faAlZl % AS EAREE 550nmol 4
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1% CMC 1.0nl Bl pHS.) & citrate buffer
of %3l 1% (W, v) BERE LOwE ot 305
50 °Coll Al fEHAAL % b 2& et HRE
Fa &% 69mP olgirh
26 M FRES ME KGR
Ao & FEET & F50E vt 1B (w/ v
o e B A#-S pH 509 citrate buffer of

¥ pH 5.0 ¢
SV BER®R 10w

30eiE mstzn &

g Est

Hal 1 %(wv) BEE 1L0ns 50°CHAH 50rmm
L2 WA IMEE SHuxasste et
2 e w whlach

327 galael M
TAPPI Standard T 249pm -750 2i4ted #%
& SbE 3% ECNSS-M-& e #AuNAA
# Gas chrom Q 100,/ 200mesh& F# & 316
stainless steel column-g& & 5d oo detector

+ FIDE M3t Hewlett Packard fit2l 5840
A (Gas chromatographol] ol3led v gal BEHE

g a2

olmj column o} F|HA = 190°CE —wstAl 849
200 °C, detector (B
skei oo} carrier gasi=

32 injection port

£ 2B0CR helium gas
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Table 4. Yield and chemical composition of cellulosic materials after autohydrolysis

Species Tir.ne 2 - naphthol M. C. Yield Holocellulose Klason lignin
( min} (%> (%) (%) (%) (%)
30 0 12.7 63.8 72.1 283

pois : B o2l o3 295
alba-glandulosa 60 2 46 639 68.4 30.2
pinus 60 0 10.6 69.9 61.3 39.0
koraiensts 2 19.9 70.4 61.3 42.8
2] e 60 53] aatohydrolysis g A ¢ 2-
naphthol B o KEHEE 25 70 %olich whet 100
A QA USe 35 autohydrolysis Bfifel F51
$holl whe} fge FAslga 2 - naphthol & KE
i Aot EmEE A eRo Rl gostddd 2 -
2y} 3htbRe] 49 2- naphthol & EEY 77} s Holocellulose
WRE 7St kel oS 2 A S sof
o] 74 2-naphthol & EEES 7-$-of Ml 2
2 e WHS bl

& A} A] b5 2] holocellulose &= 2- naphthol g F - .
K% autohydrolysis 304> # [i% holocellulose Lignin
2l 43%, 609 % HEme 47 %7 mustgded 0 L L
(2% 4), 2- naphthel @&BsE autohydrolysis 30 30 ) 60
+ % Fx holocellulose 8| 429, 604 &% 46% Time (min)
7t mistaiet, a9 holocellulose &+ 60 53 Fig. 4 Changes of major components of Pop-

autohydrolysis & W 2-naphthol fEMBERrol EE
B 25 Bigkel 41 %7t mwstack webA auto-
hydrolysis B #1#8 30 4% qtol K42 hemicel-
lulose 7+ A=l ot A zFgich olotx 2 HEd
Shimizu% 37 & [éixke] acetylated- hemicellulose
7} B3 A mBH o RA BB EE S MKk
2ol MBILIE -2 dlod hemicellulose 7} & s & A
olztm HHIstwm AUrh

Autohydrolysis 3 %2} 582 K¥fol HEASE
Klason lignin & @& #A4 5 A% BX Kl
son lignin 482l 90~ 96 %7} BfEstdes, =
UEel A9 Al kFHel Klason ligninol 5B
sty o]et 7o] autohydrolysis i& Ao ¥

wlus alba- glandulosa wood meals after
autohydrolysis at 180°C without 2-naph-
thol,

sl ol ##Est= AL Shimizu §379 ¥ES —#K
gaich "AAUFol Akl HESe 2ol
dioxane Fi-& MEshd HE & =ladel &l
sl ey shbEol Aol BfFEIhs elaude A9
i sl A @strl Shimizu 837 £ dioxane e
2 OEBY-S W s Mg gl kead
Hootz #Esideh

Dioxane /Ao WEY % @A HBHEA BOE
(% 5)°f 9lojA autohydrolysis & #% o #EpAkR
& goz ¥ o FAAUTE TI~87%,

At
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Table 5, Yield, Klason lignin Contents, extractable lignin snd reducing sugar yvield of cellulosic

substrates after dioxane extraction

Pretreatments
- - ) Extractable | Reducing
Species Autohyrolysis Extraction lignin* sugar yie]d**
Time | 2-naphthol{Dioxane M. C. | Yield Klason (%) (%)
( min.) (%) (%) (%) (%) lignin (%)
100 7.0 818 171 506 163
0 90 8.0 83.8 16.5 51.1 113
75 7.4 BO.0 16.2 54.3 165
30 50 80 86.4 197 39.6 11.4
100 8.4 77.3 13.6 64.3 109
9 90 8.4 796 13.3 64.1 11.2
Populus 75 6.9 /5 123 £6.4 113
50 Tu 83.3 16.8 52.6 11.9
alba -gla
ndulosa 100 6.4 804 14.9 59.4 12.0
0 90 7.8 80.6 151 589 133
75 6.7 77.4 14.7 §51.4 120
60 50 7.0 856 17.2 502 12.9
100 81 8! i2.1 69.1 12.5
o 90 60 708 107 75.1 1.5
75 7.5 76.3 10.6 732 12.8
50 6.4 8.0 16.4 56.8 125
100 9.3 94 3 352 15.0 10,5
0 90 75 85.4 438 21.3 9.0
] 75 0.4 94.6 36.6 1.0 9.2
Pinus 50 7.2 92.5 36.7 177 86
koraiensis 60
100 88 B31.9 36.6 24.9 9.3
; 9 90 7.4 839 ! 36.5 28.4 8.6
i 75 42 EIR: 364 22.0 9.1
! 50 6.6 B7.5 374 23.4 8.7

* Percentage of lignin extracted with dicxane based on Klason lignin in the autohydrolyzed

wood meals,

** Reducing suger yield of moisture free cellulosic substrates after enzymatic hydrolysis,
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Table 6, The compositions of the standards

Mono- Standard component

saccharides No,1 No.2 No.3 No.4 No.5

glucose 231 219 213 225 238 *
xylose 7 18 25 13 3
mannose 5 15 20 10 0

* Units=mg

Table 7. The monosaccarides(%) in the
hydrolyzates after enzymatic hy-
drolysis of cellulosic substrates
which was autohydrolyzed at 180°C
for 60 minutes with 2% 2- nap-
hthol and was then extracted the
lignin with 75% dioxane solutions
at 70°C for 4 hours

Populus alba « glandulosa Bnus koraiensis

glucose 89.6 92.0
xylose 7.3 8.0
mannose 3.1 -
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STOP
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0.37 697600 0.223
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Fig. 5. Typical chromatogram of hydrolyzate
from Popudus albasglandulosa.

START 0.02
I 04l 0. 48
F— 1.17
STOP
RT AREA AREA%
0.41 2135000 0.613
0.48 300500000 86.211
1.17 45930000 13.177

Fig. §. Typical chromatogram ot hyaroiyzate
from Pinus koratensis.
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